Europiiisches Patentamt 
European Patent Office 
Office europten des brevets 



lllliilllllllllllllllllllllllllll 

(11) EP 1274 140 A1 



EUROPEAN PATENT APPLICATION 

published in accordance with Art, 158(3) EPC 



(43) Date of publtcation: 

08.01.2003 Bulletin 2003/02 



(21) Application number: 01917771 .6 

(22) Data of filing: 30.03.2001 



(51) intci7: H01 M 4/38, H01M 10/40 



(86) International application number: 
PCT/JP01rt)2842 



(87) Internattonal publication number: 
WO 01/078167 (18.10.2001 Gazet 



(84) Designated Contracting States: 


• BirO.Yaauhiko 


AT BE CH CY DE DK ES » FR GB GR IE IT Lt LU 


Mlharacho, Mlnamikawachi-gun, Osaka 587- 


MCNtPTSETR 


(JP) 




• SATO.Toshltada 


(30) Priority; 05.04.2000 JP 2000103039 


Osaka-shI, Osaka 536-0044 (JP) 




• OKAMURA, Kazuhiro 


(71) Applicant: MATSUSHITA ELECTRIC INDUS-HtlAL 


Hirakata-shi, Osaka 573-0013 (JP) 


CO., LTD, 


• SHIMAMURA, Harunari 


Kadoma-shi, Osaka 571-8501 (JP) 


Moriguchi-shi, Osaka 570-0034 (JP) 


(72) Inventors: 


(74) Representative: Nachshen, Neil Jacob et al 


• NITTA, Yoshiaki 


D Young & Co 


HIrakata-shi, Osaka 573-1122 (JP) 


21 New Fetter Lane 




London EC4A IDA (6B) 



(54) NONAQUEOUS ELECTROLYTE SECONDARY CELL 



(57) To obtain a nonaqueous secondary battery 
having a large capacity and a smell irreversible capacity 
wliile maintaining cycle characteristics, a composite 
particle comprising a core particle composed of a solid 



phase A and a coating layer connposed of a solid phase 
B covering at least a part of the core particle is used for 
the negative electrode of a nonaqueous secondary bat- 
tety, and at least one of the solid phase A and the solid 
phase B Is made amorphous, 
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Description 

Technical Field 

s [0001] The present invention is related to a nonaqueous secondary battery. 
Bacl<grDund Art 

[0002] In recent years, llthtum secondary batteries used as main ^ectric^ sources for mobile communicating £^pli- 

10 ances, portable electrical appliances and the like has exhibited superior perfonnances such as high potential force 
and energy density. In lithium secondary battery using metallic lithium for the negative electrode material, however, 
there is a possibility that a dmdrlte is deposited on the negative electrode during charge and may breal< a separator 
through the ropeiition of charge/dtsdiarge to reach to the positive electrode side, causing an internal short-circuit. 
[0003] Also, the deposited dendrite has a high reactivity due to the large spedfic area. And, the surface thereof reacts 

IS with a solvent in an electrolyte to fomi an inlerfaciai film comprising a decomposition product of the solvent, which Is 
like a solid electrolyte lacking of electron conductivity. Accordingly, an Intemal resistance of the battery may ^ilarge 
and there exists on a surface of the negative electrode a particle isofated from an electronically conductive network, 
which becomes afactorforthe decrease in a charge/discharge efficiency. For these reasons, there exists such problem 
that a lithium secondary batteries using metallic lithium for the negative electrode material is inferior in reliability and 

20 short in the cycle characteristics. 

[0004] On the contrary thereto, at present, batteries empbying a carbon material capable of absorbing and desorbing 
lithium ion for the negative electrode material Instead of the metafile lithium has been practically used, in general, In 
the case where the carbon material is employed for the negative electrode, iithium ions are absorbed in the carbon in 
a charge reaction; as a result, the metallic lithium is not deposited, causing no problem of any Internal short circuit due 

2s to dendrite. However, the theoretical edacity of graphite, which Is one of the carbon materials, Is 372 mAh/g and this 
Is only about 1 0% of the theoretical capacity of the elemental metallte lithium. 

[000^ Then, in order to improve the capacity of the lithium secondaiy battery, research has been conducted on a 
negative electrode material, which may not cause the intemal short circuit due to dendrite and has a larger theoretical 
capacity than the carbon material. For instance, there are proposed, for the negative ^ectrode material, an iron silicate 

30 (Japanese laid-open patent publication No. Hel 5-159780), a silicate of non ironic metal containing a transition metal 
(Japanese Laid-open patent publication No, Hei 7-240201), a nit*^ silicate (Japanese Laid-open patent publication 
No. Hel 8-1 5351 7), a manganese silicate (Japanese Laid-open patent publication No. Hei 8-153538), a material con- 
taining at least one of the 4B group elements, P and Sb and having any one crystalline structure of GaFg type, 7i\S 
type and AILiSi type, (Japanese Laid-open patent publication No. Hei 9-63651 ), an alloy material comprising SI or Sn 

3S and Fe or Ni (Japanese Laid-open patent publication No. Hei 10-162823), an intemietallic compound comprising at 
least one of SI. Sn and Zn (Japanese Laid-open patent publication No, Hel 10-223221), M(,.x)Slx wherein M = Ni, Fe, 
Co, Mr\ (Japanese Laid-open patent publication No. Hel 1 0-2941 12), MSi^ wherein M = NI, Fe, Co, Mn (Japanese Laid- 
open patent publication No. Hei 10-302770), a material composed of particles comprising a phase of SI, Sn or the like 
and a phase of an intermetalllc compound of which the constituent element is Si, Sn or the like (Japanese Laid-open 

40 patent publication No. Hei 11-86853). Also, in European patent publication No. 0883199, there is proposed a negative 
electrode material having a phase A comprising Si, Sn and the like and a phase B composed of a soiid solution or 
intennetallic compound comprising Si, Sn and the like and the other metallic element. 

[0006] However, the above negative electrode having a larger capacity than the carbon material has the following 
problems, 

45 [0007] For instance, from battery capacities after one cycle, 50 cycles and 100 cycles shown in Example and Com- 
parative Example of Japanese Laid-open patent publication No, Hel 7-240201 , the charge/discharge cycle character- 
istics of batteries, which employ a silicate of non Ironic metal containing a transition element for the negative alectreide, 
have been Improved compared to those of batteries employing metallic lithium for ttie negative electrode material, A 
battery capacity of a battery employing the above silicate negative electrode material increase only about 12% at 

so maximum compared to that of a battery employing a natu ral graphite negative material. Tlierefore, ttiough not described 
In the above publication, it does not seem that the capacity of the silicate negative electrode material of non-ironic 
metal comprising a transition element remarkably increases compared to that of the graphite negative electrode ma- 
terial. 

[0008] In addition, Example and Comparative Example of Japanese Laid-open patent publication No. Hei 9-63651 
55 shows that a battery employing a material described in the publication for the negative electrode has improved charge/ 
discharge cycie characteristics compared to a battery employ Ing a Ll-Pb alloy for the negative electrode and that it has 
a larger capacity than a battery employing graphite negative electrode material for the negative electrode. However, 
a decrease in a discharge capacity after 10 to 20 charge-discharge cycles is remaritable and the discharge capacity 
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of Mg2Sn, which is thought to be the most preferable one, Is also lowered to about 70% of an initial capacity after about 
20 cycles. There seems to be the same problems with respect to the ottier materials comprising Si and Sn, 
[0009] Further, in Japanese Laid-open patent publication No. Hei 1 0-223221 , an improvement in cycle characteristics 
is achieved by decreasing a aystailinity of an inten-netallic compound comprising Si, Sn and the iike, or making the 
5 intemietallic compound amorphous. It Is described that the capacity maintenance ratio after 1 00 cycles is kept to above 
70% and, however, the repetition of 200 charge/discharge cycles revealed that the capacity d^radation ratio was 
remarkable. 

[0010] On the contraty thereto, the materials shown in Japanese Laid-open patent publication No. Hei 11 -86853 and 
European patent publication No. 0883199 exhibit remarkably improved charge/discharge cycle oharacterisElcs by cov- 
10 ering a phase composed of Si, Sn and the like, of which the structural change through a charge/discharge cycle is 
large, with a phase composed of NiSij, MgjSn or the like, of which the structural change through a charge/discharge 
cycle is small. 

[0011] However, the above material has such a problem that the Irreversible capacity through the Initial charge/ 
discharge is large. For instance, the Irreversible capacity of a Mg2Si-SI mixed phased powder Is 1 5% of the initial 

'5 charge capacity as described In Japanese Laid-open patent publication No. Hei 11-8&853, and the other materials 
have an irreversible capacity of around 10 to 20% as described In Eunjpean patent publication No. 0883199. 
[0012] Further, when a high rate charge/discharge is conducted, the Initio irreversible capacity becomes much larger 
than this. The use of a negative electrode material having a large in'everslble capacity to an initial charge capacity 
tends to cause such a state ttiat part of lithium Ions desorbed from a positive electrode during charge is continuously 

20 held in a negative electrode for some reasons and does not completeSy return to the posiUve electrode during discharge. 
When such a state is occured, the number of lithium ions movable at the time of the battery operation Is ilmited; as a 
result, It becomes difficult to design a battery having a maximum battery capacity. In other words, it becomes difficult 
to sufficiently educe a large capacity property which a material Inherently has. 

[0013] On the other hand, a graphite material, which is a practically used negative material at present, has an initial 
2s irreversible capacity of not larger than 8%; therefore, it Is possible to design a battery having a maximum capacity by 
making use of the material property. 

[0014] Then, it is an object of the present invention to solve the above problems and to provide a negative electrode 
active material having a small ratio of an in-everslble capacity to an in itiai capacity and a nonaqueous secondary battery 
having a large capacity. 

30 

Disclosure of Invention 

[0015] The present invention Is related to a nonaqueous elec^olyte secondary battery comprising: a non-aqueous 
electrolyte; a separator; a positive electrode capable of absorbing and desorijing llUilum; a negative electrode capable 
3s of absorbing and desoriaing lithium, comprising a composite particle having a core particle composed of a solid phase 
A and a coating layer composed of a solid phase B covering at least a part of the surface of the core particle, 
characterized In that 

(1) the solid phase A contains, for the constituent element, at least one selected from the group consisting of 
40 silicon, tin and zinc, 

(2) the solid phase B is composed of asolld solution or an intennetalic compoundcomprising aconstltuent element 
contained In the solid phase A and at least one selected from the group consisting of elements of the second to 
the fourteenth Gniups except silicon, tin, zinc and carbon, and 

(3) at least one of the solid phase A and the solid phase B is amorphous. 

45 

Brief Description of Drawings 
[0016] 

so Rg. 1 is an X-ray diffraction pattern of Sn-TisSng which is a negattve electrode materia according to the present 
invention. 

Fig. 2 is a cross sectional view of a cylindrica! battery In Example according to the present Invention. 
Best Mode for Carrying Out ttie Invention 

55 

[0017] There are, presumably, various factors that cause She Initial Irreversible capacity which is a problem in the 
prior arts. The reason that the Initial Irreversible cs^acity Is caused Is assumed to be the following; if volume change 
occurs, corresponding to the amount of lithium absorbed at the Initial diarge, to the extent that each stmcture in poly- 
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CTystals that constitute a particle cannot be retained, electron conductive paths through the grain boundaries are cut. 
ther^y Inducing inactlvation of active sites parttaiiy. Accordingly, if such an electrical isolation of the active site is 
previously prevented, lithium toss, which causes the irreversible capacity at the time of initial absorption of lithium, is 
possibly minimized, 

5 [OOISJ Thus, since the present invenCon employs amorphous structures for minimizing the effect of the volume 
change as one of the constituents thereof by previously making the size of crystallite comprising monophase as fine 
as possible or by making the crystallite partially disordered with the use of other elanents, the aforementioned problem 
Is solved. 

[0019] More specifically, the present invenUon is related to a nonaqueous electrolyte secondary battery compiising: 
10 a non-aqueous electrolyte; a s^^tor; a posittve electrode capable of absoiting and desorbing lithium; a negative 
electrode capable of absorbing and desorbing lithium, comprising acomposite particle having a core particle composed 
of a solid phase A and a coating layer composed of a solid phase B covering at least a part of ttie surface of the core 
particle, characterized In that 

15 (1) the solid phase A contains, for the constituent element, at least one selected from the group consisting of 
silicon, tin and zinc, 

(2) the solid phase B is con^osed of a solid solution or an intermetallic compound comprising a constituent element 
contained in the solid phase A and at least one selected from the group consisting of elements of the second to 
the fourteenth Groups except silicon, tin, zinc and carbon, and 
20 (3) at least one of the solid phase A and the solid phase B is amorphous. 

[0020] The main feature of the invention is that at least one of the solid phase A and the solid phase B that constitute 
the composite particle is amorphous in the negative electrode that constitute the nonaqueous electrolyte secondary 

battery. 

25 [0021 i He rein , the solid phase A contains, for the constituent element, at least one selected from the group consisting 
of silicon, tin and zinc. 

[0022] Further, the solid phase 3 Is composed of a solid solution or en intermetallic compound comprising one of 
silicon, tin and zinc, which are constituent elements of the solid phase A, and at least one selected from the group 
consisting of elements of the second to the fourteenth Groups except silicon, tin, zinc and caton, 
30 [0023] Preferable conAiinatlons of Bie solid phases A and B are given in Table 1 . 



Table 1 



Solid phase A 


Solid phase B 


Sn 


MgjSn, FeSng, MoSnj, (Zn, Sn) solid solution (Cd, Sn) solid solution, (In, Sn) solid solution (Pb, 
Sn) solid solution, (Ti, Sn) solid solution (Fe, Sn) solid solution, or (Cu, Sn) solid solution 


Si 


MSaSI, CoSij, NlSij, (Zn, SI) solid solution, (Ti, SI) solid strfutlon, (A1 , SI) solid solution, or (Sn, Si) 
solid soKiUon 


Zn 


MgaZnti , VZn,s, (Cu, Zn) solid solution (Al, Zn) solid solution, (Cd, Zn) solid solution, or (Ge, Zn) 
solid solution 



[0024] Next, "amoiphous" in the present invention means having a broad scattering band having a peak at 2 values 
of 20° to 40° in the X-ray diffraction method using CuKa radiation, it may have a ciystalline diffraction line In this case. 

4s Further, it is preferable that the half width of the peak where the strongest diffracted intensity appears against the 2 6 
value is above 0.6° in the case of having a crystalline diffraction line. It is acceptable even if only one of the solid phases 
A and B of composite particle is amorphous or both phases are amorphous, as long as such a broad scattering band 
or a half band width like this is shown. Above all, It is preferable that the whole composite particle is amorphous. 
[0025] With theconfiguration having this amorphous structure, the^loy phase wimiithlum incorporated orthe lithium- 

50 Intensalated phase can be made as fine as possible, or part of the phase can be made disordered with the use of otiier 
elements; furthermore, their crystal orientation can be randomly oriented and the stress relaxation of the whole particle 
at the time of initial absorption of lithium becomes possible. In these points, ttie amorphous structure differs from a 
monophase crystalline syst^ having a relatively large crystallite size and clear-cut crystal orientation, which may 
induce stress strain and finer stnjcture at the grain boundary at the time of intercalating lithium and inherently has 

55 larger effect of volume change facilitating isoSation of the active site, 

[0026] A crystalline has a relatively large cfystallite size and clear-cut crystal orientation but, because of its high 
ctystalliniiy, the structural change due to lithium absorption is enormous within the monophasic crystaliites or between 
the crystallites at the time of lithium intercalation, thereby vicinity of grain boundary connecting each crystallite becomes 
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vulnerable to stress strain, !f volume change occurs, corresponding to She depths of charge at the initial lithium ab- 
sorption, to the extent that each structure In polycrystals that constitute a particle cannot be retained, the electron 
conductive paths through the gralr^ boundaries are cut, thereby Inducing inaclivation of active sites partially. This is 
considered to bring the Initial irreversible capacity. 

5 [(H127] On the contraiy thereto, the present inventors presumed that previous prevention of such an Isolation of the 
acUve site would minimize lithium loss which caused the irreversible capacity at the time of initial lithium absosption. 
Then, they devoted themselves to examining a material design wherein «nall effect of volume change could be esti- 
mated by malting a cryst^lite size finer or by malting a crystallite partially disordered with the use of other elements, 
and found incorporation of an amorphous structure as the constituent element, 

'0 [(K>26] The positive or negative electrodes used In the present Invention can be produced by applying a mixture layer 
including a positive electrode active material or a negative electrode material capable of absorising and desorbing 
lithium ions electrochemically and reverslbly, a conductive material and ablnder onto the surface of a cun-ent collector. 
[0029] The negative electrode material used in the present Invention comprises a composite particle having amor- 
phous solid phase A or B. 

IS [0030] One example of the method for producing the amorphous composite particle in the present invention Is de- 
scribed below. Composite particles (precursor) before becoming amorphous are composed of a solid solution or an 
intemietailic compound, and the precursorcan tie obtained by mixing constituent elements ata prescribed ratio, melting 
them at a high temperature, quenching and solidifying the obtained melt with the use of dry spraying method, roll 
quenching method or rotating electrode method. The particle size is adjusted by grinding and sieving if necessary. If 

no further necessary, composite particles having preferred structures of a solid solution or an intermetalllc compound can 
be obtained by heat-treating the precursor at a lower temperature than the temperatures of the solidus line at a ratio 
of constituent element of the precursor in the constitutional diagram of alloy systems. 

[0031] The above-described method is to obtain a precursor by making the solid phase B deposited to cover whole 
or a part of periphery of acore particle composed of a solid phase A by quenching and solidifying the melt. Composite 
particles can be c^tained by facilitating phase uniformity of phases A and 8 respectively through subsequent heat 
treatment; however, th^ is a!so a case where the precursor may be used as composite particle as It Is without heat 
treatment. It should be noted that the method of quenching and solidifying is not llmrted to the aforesaid method. 
Generally, the above-menfioned synthetic method Is reiatlvely difficult to procure a perfect amorphous structure and 
there are many cases that plenty of raystalline phases are contained; therefore, the heat treatment is preferably con- 
so ducted. 

[0032] Alternatively, a layer composed of elements exclusive of the constituent elOTients of solid phase A from the 
constituent element of solid phase B Is adhered onto Oie surface of the powders having solid phase A to obtain a 
composite particle precursor, and the precursor Is heat-treated at a lower temperature than the solidus temperature at 
a ratio of constituent element of the precursor in the metal constitutional diagram to obt«n a composite particle of Uie 
35 present invention. By this heat treatment, the element in solid phase A diffuses to a layer adhered on the surface of 
the solid phase A, and the composition of solid phase B is given to the layer. 

[0033] There is no specific limitation on the method for obtaining the composite particle precursor by making the 
layer adhered on the surface of powders having the solid phase A, but electroplating method, mechanlca! alloying 
method or the like are listed. Composite particle precursor is possibly employed as it is as composite particle without 

*o heat treatment in the mechanical alloying method. 

[0034] It should be noted that it is difficult to eliminate the crystalline phase in these processes for producing com- 
posite particle like this. Accordingly, In order to obtain a composite particle of the present Invention by making thus 
obtained composite particle precursor more amorphous, repetition of grinding, milling or the like can make the structure 
finer or isotropically place the aSloy phase having unspecified ratio composition on the micro portion due to mechano- 

« chemical effect. It should be noted that it Is possible to directly obtain the above-described amorphous composite 
particle by processing metallic powders of the desired starting material. 

[0035] in the present invention, there is no limitation on the electronically conductive materials for the negative elec- 
trode if it has electron conductivity. For instance, there are graphites such as natural graphite (scaly graphite and the 
like), artificial graphite and expanded graphite, carbon blacks such as acetylene black, ketjen black, channel black. 

so furnace black, lamp black and thermal black, conductive fibers such as carbon fiber and metal fiber, organic conductive 
materials such as polyphenylene derivatives, and they can be used alone or an in artjitrary combination of one or more. 
Among the artificia! graphites, acetylene black and carbon fibers are particulariy preferable. The amount of the con- 
ductive material to be added is not specifically limited but preferably 1 to 50% by weight of the negative electrode 
material (the above composite particle), particularly 1 to 30% by weight. Since the negative electrode material according 

55 to the present invention itseif has electronic conductivity, it is possible to operate a battery without adding a conductive 
material. 

[0036] The binder for the negative electrode used in the present invention may be either of a thermoplastic resin or 
a thermosetting resin. As the preferable binder in the present Invention, there are polyethylene, polypropylene, poiy- 
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tetrafluoroethylene (PTFE), polyvinylidene fluoride (PVDF), styrene butadiene rubber, tetrafiuoroethylene-hexafluor- 
oethyiene copoiymer, tetrafluoraettiyiene-hexafluoroprc^ylene copolymer (FEP), tetrafluoroethylene-perfluoroa!kylvi- 
rtyl ether copolymer (PFA), vinylldene fluoride-hexafluoropropylene copolymer, vinylldene fiuoride-chlorotrifluoroeth- 
ylene copolymer, ethylene-tetrafiuoroethylene copolymer {ETFE resin), polychlorotiifluoroettiylene (PCTFS), vinyii- 

5 dene fluoride-pentaftuoropropylene copolymer, propylene-tetrafluoroethylene copolymer, ethylene-chlorotrifluoroeth- 
ylene copolymer (ECTFE), vinylldene fiuoride-hexafluoropropylene-tetrafiuoroethyiene copolymer, vinylldene fluoride- 
perfluoromethylviny! ether-tetrafluoroethylene copolymer, ethylene-aciyiic add copolymer and ion {Na+) cross-linked 
polymer thereof, ethi^ene-meBiacryilc acid copoiymer and ion (Na+) cross-linked polymer thereof, ethylene-methyi 
acrytate copolymer and ion (Na+) cross-linked polymer thereof, ethylene-methyi methacrylate oc^olymer and Ion (Na+) 

to cross-linked polymer thereof, and they can be used alone or in arbitrary combination of one or more. 

[0037] Among the preferable binders are styrene butadiene rubber, poiyvinylidene fluoride, ethyiene-aciyllc acid 
copolymer and son (Na ') cross-linked polymer thereof, ethylene-malhaoryiic ackJ copoiymer and ion (Na+) cross-linked 
polymer thereof, ethySene-methyl aoyiate copoiymer and Ion (Na*) cross-linked polymer thereof, and ethylene-methyi 
methacrylate copolymer and ion (Na+) cross-linked polymer thereof. 

[0038] As for the current collector of the negative electrode In the present Invention, any electron conductor, which 
does not cause a chemical change in a constructed baUery may be used. As for the material constituting the current 
collector for the negative eledrode, thare are, for instance, in addition to stainless steel, nickel, copper, titanium, con- 
ductive resin and the like, ttie composite materials which are obtained by treating ttie surface of copper or stainless 
steel with carbon or nfckel. In particular, cc^per or copper alloy is preferable. The surfaces of those materials may be 
20 oxidized to be used, and the surface of these materials may be made concave and convex through the surface treat- 
ment, As for a form, a foi^, a film, a sheet, a net, a punched sheet, a lath, a porous sheet, a foam, a molded article 
formed by molding fibers or the like may be employed. Though the thickness Is not particularly limited, one having 1 
to 500 \ixn is employed, 

[0039] As for the positive electrode material, iiailum-contained trartsition metal oxides may be employed, For in- 
ss stance, Li.CoOa, Li^NlOa, Li^lMnOa, LixC0j,Nii.yO2i U^Co^Wi-^.^O^, UxNi,.yMyOi, U^nzO^, l\mz^/>i (M Is at least 
one of Na, IVIg, Sc, Y, Mn, Fe, Co, Nl, Cu, 2n, Al, Cr, Pb, Sb and B, x = 0 to 1 .2, y = 0 to 0.9, z = 2.0 to 2.3) can be 
cited, The value of x in the above is a value before charging or discharging, which increases or decreases after the 
charging or discharging. It is also possible to use other positive electrode materials such as a transitional metal chal- 
cogenide, vanadium oxide and the lithium compound thereof, niobium oxide and the lithium compound thereof, a con- 
so jugate polymer using an organic conductive material, a Chevrel phase compound. In addition, it is also possible to use 
a mixture of a plurality of different positive electrode materials. Though the mean particle size of the positive electrode 
active material particle Is not particularly limited, it is preferable to be 1 to 30 ^m. 

[0040] The conductive material used for the positive electrode used in the present Invention Is not limited if It does 
not cause any chemical change at a charge/discharge potential of a positive electrode material to be used. For Instance, 

35 there are graphite such as natural graphite (scaly graphite and the like) and artificial graphite, carbon blacks such as 
acetylene black, ketjen black, channel black, furnace black, lamp black and thennal black, conductive fibers such as 
carton fiber and metal fiber, metallic powders of fluortnated carbon, aluminum and the like, conductive wiskers of zinc 
oxide, potassium titanate and the like, conductive metal oxides such as titanium oxide, and organic conductive material 
such as poluphenylene derivatives, and they can be used alone or in an arbitrary combination of one or more. Among 

40 those conductive materials, artificial graphite and acetylene black are particularly preferable. The amount of the con- 
ductive material to be added is not partlculariy limited but is preferably 1 to 50% by weight, more preferably 1 to 30% 
by weight of the positive dectrode material. When carbon or graphite is employed, 2 to 15% by weight Is particularly 
preferable. 

[0041] As the binder for the positive elecUode used in the present invention, either of a thomioplastic resin or a 
*s themnosetting resin may be used. As the preferable binder in the present invention, there are polyethylene, polypro- 
pylene, polytetrafluoroethylene (PTFE), poiyvinylidene fluoride (PVOF), styrenebutadiene rubber, tetrafluoroethyiene- 
hexafluoroethylene copolymer, tetrafluoroethylene-hexafluoropropylene copolymer (FEP), tetrafluoroethylene-per- 
fluoroalkylvinyl ether copolymer (PFA), vinylldene fluoride-haxafluoropropylene copolymer, vinylldene fluoride -chloro- 
trifluoroethylane copolymer, ethylene-tetrafiuoroethylene copolymer {ETFE resin), polychlorotrifluoroethylene (PCT- 
so FE), vinylldene fluoride-pentafluoropropylene copoiymer, propylene-tetrafluoroethylene copolymer, ethyiene-chlorot- 
rifluofoethyiene copolymer (ECTFE), vinylidene fluoride-hexafluoropropyiene-tetrafluoroethylene copolymer, vinyli- 
dene fluoride-perfluoromethylvinyl ether-tetrafluoroethylene copolymer, ethylene-acrylic acid copolymer or ion (Na+) 
cross-linked polymer thereof, ethyiene-methacryilc acid copolymer or Ion (Na+) cross-linked polymer thereof, ethylene- 
methyi acrylate copolymer or ion (Na*) cross-linked polymer thereof, ethylene-methyi methacrylate copolymer or ion 
55 (Na+) cross-linked polymer thereof, and they can be used alor^e or In an ariaitrary cwnbination of one or more. Wore 
preferable materials among those materials are poiyvinylidene fluoride (PVDF) and polytetrafluoroethylene (PTFE), 
[0042] As for the cun-ent collector for the positive electrode used in the present invention, there is no particuiar 
limitation, and any electron conductor, which does not cause a chemical change at a charge/discharge potential of the 
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positive electrode material to be used, can bo employed. As the material for constituting the current collector for the 
positive electrode, there are, in addition to stainless steel, aluminum, titanium, catbon, conductive resin and the llke> 
the materials obtained by treating Uie surfaces of aluminum or stainless steel with carbon or titanium. In particular, 
aluminum or aluminum alloy Is preferable. The surfaces of those materials may be oxidized to be used. The surface 
5 of the current collector is preferably made convex and concave. As for a form, a foil, a film, a sheet, a net, a punched 
sheet, a fath, a porous sheet, a foam, a molded article formed by molding fibers, non-woven fabric or the like can be 
listed. Though the thickness is not particularly limited, one having 1 to 500 jrni is used. 

[0043] As for the electrode mixture, in addition to a conductive material and a binder, a variety of additives suc^ as 
a filler, a dispersion agent, an Ion conductor, a pressure enforcement agent and ^e like can be used. Any fibrous 

10 materials, which do not cause a chemical change in the constructed battery, can be used as filiere. Usually, olerm 
polymer such as polypropylene or polyethylene, or a fiber such as glass fiber or carbon fiber may be used. Though 
the amount of the filler to be added is not particularly limited, 0 to 30% by weight of the electrode mixture is preferable. 
[0044] As for the structure of the negative electrode plate and the positive electrode plate in the present invention, 
it is preferable that at least the surface of a mixture layer of the positive electrode exists facing the surface of the mixture 

IS layer of the negative electrode. 

[0045] The non-aqueous electrolyte used in the present invention comprises a solvent and a lithium salt dissolved 
in the solvent. As for the non-aqueous solvent, there are cyclic castionates such as ethylene carbonate (EC), propylene 
carbonate (PC), butylene carbonate (BC) and vinylene carbonate (VC), chain carbonates such as dimethyl carbonate 
(DMC), diethyl carbonate (DEC), eth^-methjrt carbonate (EMC) and dipropyl carbonate (DPC), aliphatic carboxylic 

20 acid esters such as mettiyl fomiate, methyl acetate, methyl pr<H5ionate and ethyl propionate, y-lactones such as r 
butyrolactone, chain ethers such as 1 ,2-dimethoxy ethane (DME), 1 ,2-diethoxy ethane (DEE) and ethoxy-methoxy 
ethane (EME), cyclic ethers such astetrahydroturan and 2-methyl tetrahydrofuran, non protonic organic solvents such 
as dimethyl sulfoxide, 1 ,3-dloxolane, formamide, acetoamlde, dimethyl formamlde, dioxotane, acetonitrlle, propytnltrlle, 
nitromethane, ethylmonogrlme, phosphoric acid blester, trimethoxy methane, dioxolane derivatives, sulfolane, meth- 

2s ylsulfolane, 1 ,3-dimethyl-2-lmidazolidinone, 3-methyl-2-oxazolidinone, propylene carbonate daiivatives, tetrahydo- 
furan derivatives, ethyl ether, 1,3-propanesalton, anisole, dimethylsulfoxicte and N-mcthylpyrolldone, and they can be 
used alone or in an arbitrary con^inatlon of one or more. Particularly, a mixture solvent of a cyclic carbonate and a 
chain carbonate, or a mixture solvent of a cyclic carbonate, a chain carbonate and an aliphatic caiboxylic acid ester 
are preferable. 

30 [0046] As for the lithium salt dissolved in those solvents, there are LiCIO^, LiBF4, LIPFe> LiAICl4, USbFg, LiSCN, 
LiCI, LiCFsSOa, LiCFgCOa, Li(CF3S02)2, UAsFs, LiN{CF3S02)a, LiBioCI,o, lithium lower aliphatic carboxylate, LiCI, 
LiBr, Lil, chloroboranlithium, lithium tetraphenyl borate and imidos, and they can be used alone or in an arbitrary com- 
bination of two or more. In particular It is preferable to add LiPFg. 

[0047] The particularly preferable nonaqueous electrolyte in the present Invention is an electrolyte comprising at 
33 least ethylene cartionate and ethyl methyl carbonate and, as the supporting salt, LiPFg. The amount of the electrolyte 
to be added In the battery Is not partlculariy limited and may be selected based on the amounts of the positive electrode 
material and the negative electrode materia!, ttie size of the battery and the like. Though the amount of the supporting 
electrolyte to be dissolved in the non-aqueous solvent Is not particularly limited, 0.2 to 2 mol/i is preferable. Particularly, 
it is more preferable to be 0.5 to 1 .5 mol/l. 
40 [0048] Instead of the electrolyte solution, The following solid electrolytes can be used. The solid electrolyte can be 
categorized to the inorganic solid electrolyte and the organic solid electrolyte. As for the inorganic solid electrolyte, 
nitride, halogenide, oxyacid and the like of lithium are well known. Particularly, 048104, Ll4Si04-LII-LiOH, xLi3P04-(1 -x) 
LI4SIO4, LijSlSa, Ll3P04-Li2S-SiS2, phosphorous suSfida compound and the like are effective. As for the organic solid 
electrolyte, polymer materials such as polyethylene oxide, polypropylene oxide, polyphosphazen, polyaziridine, poly- 
45 ethylene sulfide, polyvinylalcohol, polyvinylidene fluoride, polyhexafluoropropylene and their derivatives, mixtures and 
composites are effective. 

[0048] Furthennore, for the purpose of Improving the discharge capacity and the charge/discharge characteristics, 
it is effective to add other compounds to the electrolyte. For example, trrethylphosphite, triethanolamine, cyclic ethers, 
ethylenedlamine, n-grlme, pyridine, hexaphosphate triamide, nitrobenzene derivatives, crown ethers, the fourth am- 

so monlum salts, ethylene glycol-diaikyi ether and the like can be cited, 

[0050] As for the separator used in the present invention, a micro-porous film having a large ion permeability, a 
predetermined machanicai strength and an Insulating property is used. It is also preferable to have a function to close 
a pore at acertain temperature orhigherso as to Increase the resistance. From the viewpoint of the chemical resistance 
to organic solvent and hydrophobic properly, a sheet composed of an olefin polymer such as polypropylene, poiyeth- 

55 yiene or the mixture thereof, a sheet composed of a non-woven fabric, a woven f^ric or glass fibers, or a non-woven 
fabric, a woven fabric or the like may be used. T^ie pore diameter of the separator is preferably in the range where the 
positive and negative electrode materials, the binder and the conductive material, which have desorbed from the elec- 
trode sheets, do not permeate, and It is desirable to be, for example, in a range of 0.01 to 1 jim. As for the thickness 
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of the separator, 1 0 to 300 urn Is generally used. And the vacancy ratio is detemiined In accordance with the permeability 
of electrons and Ions, materials, an osmotic pressure and the lil«e, and generalty 30 to 80% Is preferable. 
tp051] It is also possible to constitute a battery in which a polymer material absorting and retaining an organic 
electrolyte comprising a solvent and a iithium salt dissolved therein is held in a positive electrode mixture and a negative 
5 electrode mixture and , further, a porousseparatorcomposed of a polymer absorbing and retaining an organic electrolyte 
is integrated with a positive ^ectrode and a negative electrode, respectively. As for the polymer material, any ones 
capable of absorbing and retaining an organic electrolyte may be used and, in particular, vinylidene fluoride-hexafluor- 
opropyiene copolymer is preferable, 

[0052] Any forms of the batteries are applicable such as a coin type, a button type, a sheet type, a stacked type, a 
10 cylindrical lype, a flat type, a rectangular type, a large type used for electric vehides or the like. 

[0053] A non-aqueous electrolyte secondary battery in accordance with the present invention can be used for a 
portabie infomiation terminal, a portable electronic appliances, a home use compact power storage device, a motor 
bike, an electric vehicle, a hybrid electric vehicle or the like, but is not particularly limited thereto, 
[0054] The present Invention Is described in further detail in accordance with the following examples. The present 
'5 invention is not limited to those examples. 

Example 1 

(1) Production method of the n^ative electrode material 

[0055] Table 2 shows con^sltions of solid phases A and B (element as simpte substance, intermetallio compound 
or solid solution), mixing ratio of raw materials (atom%), melting temperature and solldus temperature of the negative 
electrode material (composite particles "a" to "v") employed i n the present example. A production method of the present 
example is described concretely below. 

25 [0056] Powders or blocks composed of eadi el«nent, which constituted the negative electrode material, was Intro- 
duced in a melting bath at a mixing ratio shown In Table 2, and then melted at a melting temperature shown in the 
table, the obtained melt was quenched and solidified to obtain a solid. Subsequently, the solid was heat-treated at a 
temperature 1 0 to 50°C lower than the solidus temperature of the solid solution or the Intermetallic compound shown 
in Table 2 in an inert atmosphere for 20 hours. The heat-treated solid was added in a pianetary-style ball mil! container, 

30 and then mechanically ground for 30 minutes or 2 hours using a stainless ball having a diameter of 1 5 mm at a motor 
rotation speed of 3700 rpm so that 15 G was applied thereto. After that, it was classified Shrough a sieve to obtain 
composite particles "a1" to"v1" (30 minutes of mechanical grinding) and ccmposlte particles "a2" to "v2" (2 hours of 
mechanical grinding) having a particle size of 45 ^m or less. These compound pattteles were examined under a mi- 
croscope; as a result, it was confinned that the whole surface or part of the surface of a core particle composed of a 

35 solid phase A was covered with solid a phase B. 

[0057] It was also confirmed by X-ray diffraction that a composite particle before the mechanical grinding treatment 
was a ctystsdiine material having a sharp peak. Fig, 1 shows an X-ray diffraction pattern of the composite particle "e" 
whkjh was subjected to the mechanical grinding treatment. As is evident from Fig. 1, when the mechanical grinding 
treatment was perfonned for 30 minutes, the peak started to become broad and the crystalline state became broken. 

40 However, the crystalline state was still retained at this stage. On the other hand, when themechanical grinding treatment 
was performed for two hours, it was found that each characteristic peak became completely broken to turn into the 
state where identification as crystal was impossible, that is, into the amorphous state. The amilar change was observed 
in oSher composite particles "a" to "v*. 

[0058] The radial distribution was ^o investigated to find not that each element formed an amorphous having ran- 
« dom state but that the amorphous state was fornned by finely dividing or finely crystallizing crystallite or crystal grain 
boundary. This Indicates that at least one of solid phases A and B forms the amorphous phase In which ciystat Is finely 
divided. 



Table 2 



Composite particle 


Solid phase A 


Solid phase B 


Melting temp. 


Solldus temp. 


Material mixing 
ralio (atom%) 


A 


Sn 


MgjSn 


770 


204 


Sn:IVIg=50;50 


B 


Sn 


FeSnj 


1540 


513 


Sn:Fe=70:30 


C 


Sn 


MoSnj 


1200 


800 


Sn:Mo=70i30 


D 


Sn 


CUfiSns 


1085 


227 


Sn:Cu=60:50 



8 



EP 1274 140 A1 



Tabie 2 (continued) 



Composite particle 


Solid phase A 


Solid phase B 


Melting temp. 


Solidus temp, 


Material mixing 


E 


Sn 




1670 


231 


Sn:Ti=50:50 


F 


Sn 


Zn, Sn solid 


420 

_ 


199 


Sn:Zn=90;10 





_ 


Cd, Sn solid 
solution 




133 


Sn:Cd=95:5 


H 


Sn 


In, Sn solid solution 


235 


224 


Sn:ln=98:2 


1 


Sn 


Sn, Pb solid 
solution 


232 


183 


Sn;Pb=80;20 


J 


Si 


Mg^Si 


1415 


946 


Si:Mg=70;30 


K 


Si 


CoSig 


1495 


1259 


Si:Co=85:15 


L 


Si 


NiSis 


1415 


993 


Si:Ni=69:31 


M 


Si 


TiSia 


1670 


1330 


Si:Ti=87:13 


N 


Si 


Si, Zn solid solution 


1415 


420 


Si:Zn=50:50 


O 


Si 


Si, Al solid solution 


1415 


577 


Si:AI=40:60 








1415 


232 


Si;Sn=50:50 


Q 


Zn 


MgaZn,, 


650 


364 


Zn;Mg=92,2:7.8 


R 


Zn 


Cu, Zn solid 
solution 


1085 


425 


Zn:Cu=97;3 




Zn 


VZn,6 


700 


420 


Zn;V=94:6 


T 


Zn 


Zn, Cd solid 
solution 


420 


266 


Zn;Cd=50;50 


U 


Zn 


Zn, Al solid 
solution 


661 


381 


Zn:AI=90;10 


V 


Zn 


Zn, Ge solid 
solution 


938 


394 


Zn:Ge=97;3 



(2) Production method of the cylindrical battery 

40 

[0059] Fig. 2 shows a cross sectional view of a cylindrical battery produced in this example. The cylindrical battery 
shown In Fig. 2 oompnses a battery case 1 obtained by processing a stainless steel sheet having chemical resistance 
to organic electrolyte, a sealing plate 2 equipped with a safety valve, an insulating gasket 3. An electrode assembly 4 
is formed such that a separator 7 Is interposed between a positive electrode plate 5 and a negative electrode plate 6 
45 and the whole is spirally wound several times, and housed in the battery case f . A positive electrode lead 5a drawn 
out from the positive electrode plate 5 is connected to the sealing plate 2, and a negative electrode lead 6a drawn out 
from the negative electrode plate 6 is connected to the bottom of the battery case 1 , Insulating rings 8 are respectively 
provided above and below the electrode assembly 4. 

[0080] The negative electrode plate 6 was produced as follows: 75 parts by weight of the negative electrode material 
50 (composite particle) obtained ^jove, 20 parts by weight of carbon powder serving as conductive material and 5 parts 
by weight of poiyvinylidene fluoride resin sen/Ing as binder were mixed, the obtained mixture was dispersed in a de- 
hydrated N-methylpyrrolidinone to obtain a slurry, the slurry was applied onto the negative electrode current collector 
mad© of copper foil, dried and then the whole was rolled. 

[0061] On the other hand, the positive electrode plate 5 was produced as follows: 85 parts by weight of lithium 
55 cobaltate powder, 1 0 parts by weight of carbon powder serving as conductive material and 5 parts by weight of poly- 
vinylidene fluoride resin serving as binder were mixed, the obtained mixture was dispersed in a dehydrated N-meth- 
ylpynrolidone to obtain a slurry, the slurry was applied onto the positive electrode current collector made of aluminum 
foil, dried and then the whole was rolled. 
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[0062] As for the non-aqueous electrolyte, a mixed solvent of ethylene carbonate and ethyl methyl carbonate at a 
volume ratio of 1 :1 dissolved with UPFg to make the concentration 1 .5 mol/liter was used. 
[0063] Aseparator 7 was interposed between a positive electrode plate 5 and a negative electrode plate 6, the whoie 
was spirally wound and housed in the battei7 case having a diameter of IB mm and a height of 66 mm. After the 
s electroiyte was introduced in the electrode assembly 4, the battery was sealed to Obtain a test t^attery. 

[O064] Batteries "a1 " to "v1 " and "a2 ' to "v2" using the composite particles "a1" to "vl" and "a2" to "v2" shown In 
Tab!e 3 were produced in the same way described above. 

[0065] After charged to AA V at a constant cun-ent of 0.6 A, the batteries ware discharged to 2.0 V at a constant 
cun-ent of 2 A, and then in-eversiblo capacity ((1-discharge capacity/charge capacity)x 100%) aftw one cycle was 
10 measured. The results are shown in Tables. Incidentally, the testwasconducted in aconstanttemperaturebath of 20°C, 



Table 3 



IS 


Composite 
particle 


Solid phase A 


Solid phase B 


30 min. 

S^/lechanlca! 

grinding 
irreversible 
capacity (%) 


2 hours 
Mechanical 

grinding 
irreversible 
capacity (%) 


Untreated (%) 






Sn 


MggSn 


32 


16 


39 


so 


b 


Sn 




33 


14 


39 






Sn 


~~ 


32 


14 


38 




d 


Sn 


CUfiSns 


34 


18 


40 


25 




Sn 


TigSns 


31 








f 


Sn 


Zn, Sn solid 
solution 


32 


17 


38 


30 


g 


Sn 


Cd, Sn solid 
solution 


33 


16 


37 




h 


Sn 


In, Sn solid 
solution 


33 








i 


Sn 


Sn, Pb solid 
solution 


34 


16 


39 


33 


J 


Si 


MggSI 


34 


15 


33 




k 


SI 


CoSij 


34 


16 


37 






Si 


NiSlj 


35 


16 


37 


40 


m 


Si 


TlSia 


35 


17 


38 






SI 


Si, Zn soUd 
solution 


34 


15 


37 


45 


0 


Si 


Si, Al solid 
solution 


37 


16 






P 


Si 


Si, Sn solid 
solution 


35 


17 


37 




q 


Zn 


MgaZn,, 


33 


16 


38 


50 




Zn 


Cu, Zn solid 
solution 


38 


17 


38 




s 


Zn 


VZni6 


37 


18 


37 


55 


t 


Zn 


Zn,Cd solid 
solution 


39 


14 








Zn 


Zn, Al solid 
solution 


36 


16 


37 
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Table 3 (consinued) 



Composite 
particle 


Solid phase A 


Solid phase B 


30 min. 
Mechanical 

grinding 
irreversible 
capadty {%) 


2 hours 
Mechanical 

grinciing 
irreversible 
capacity {%) 


Untreated (%) 




Zn 


Zn, Ge solid 
solution 


37 


17 


38 



[0066] Table 3 clearly demonstrates a tentiency for the irreversible capacity to de(?ease by adding a grinding treat- 
ment. This Is considered to be because a part of or large part of active materia particle changed Into amorphous 
structure or finely-crystallized structure by Increasing the treatment time from 0,5 to 2 hours as reflecting amorphous 
phenomenon observed in X-ray diffraction pattern shown In Fig. 1 , thereby characterlsac improvement was achieved. 
[Q067] Although not shown in the table, batteries "a2" to "v2" all exhibited a higher capacity by 30% or more compared 
to the case of using a negative electrode made of carbon such as graphite and a similar decreasing ratio In the capacity 
after 100 cyctes as the case of using a negative electrode made of carbon such as graphite. 
{0068] Incidentally, in the n^ative electrode material used in the present exampte, Mg as the 2 Group eiement, Fe, 
Ti, Cu and Mo as transition element, Zn and Cd as the 12 Group element, in as the 13 Group element and Pb as the 
14 Group element were used as elements constituting the solid phase B when the solid phase A was constituted with 
Sn. However, the use of other elements of each group in addition to above also gave similar effect. 
100691 When the solid phase A is constituted with Si, Mg as the 2 Group element, Co, Ti and Ni as transition element, 
Zn as the 12 Group element, Ai as the 13 Group element and Sn as the 14 Group element were used as elements 
constituting the solid phase 8. However, the use of other elements of each group in addition to above also gave similar 
effect, 

[0070] Further, when the solid phase A is constituted with Zn, Mg as the 2 Group element, Cu and V as transition 
element, Cd as the 12 Group element, At as the 13 Group element and Ge as the 14 Group element were used as 
elements constituting the solid phase B, Howevw, ttie use of other elements of each group In addition to above also 
gave similar effect. 

[0071] In addition, the mixing ratio of the constituent elements of the negative electrade material is not particularly 
limited and it is acceptable as long as the obtsuned negative electrode material is a composite prnticle having two 
phases wherein one phase (a solid phase A) Is mainly composed of Sn, Si and Zn and another phase (a solid phase 
B) covers the whole or a part of periphery thereof and further at least one of two phases is amorphous. The ratio of 
the elements to be prepared Is not particularly limited If these conditions are satisfied, 

[0072] The solid phase A may contain not only Sn, Si or Zn but also other elements such as 0, C, N, S, Ca, Mg, Ai, 
Fe, W, V, 11, Cu, Cr, Co and P in trace amounts. Likewise, the solid phase B is not only composed of a solid solution 
or an Intermetalllc compound, but also may contain elements constituting each solid solution or IntBrmetallio compound 
or other elements such as O, C, N, S, Ca, Mg, AI, Fe, W, V, Ti, Cu, Cr, Co and P in trace amounts. 

Industrial Applicability 



[0073] The present invention can provide a nonaqueous electrolyte secondary battery having a high capacity and a 
smaller Irreversible capacity while maintaining good cycle characteristics as described above. 

4S 

Claims 



1 . A nonaqueous electrolyte secondary battery comprising: a non-aqueous electrolyte; a separator; a positive elec- 
trode capable of absorijlng and desorbing lithium; a negative electrode capable of absorijing and desorbing lithium, 
comprisin g a composite particle having a core particle composed of a solid phase A and a coating layer composed 
of a solid phase B covering at least a part of said core particle, characterized In that 

(1) said solid phase A contains, for the constituent element, at least one selected from the group consisting 
of silicon, tin and zinc, 

{2) said solid phase B is composed of a solid solution or an intemietallic compound comprising a constituent 
element contained In said solid phase A and at least one selected from the group consisting of elements of 
the second to the fourteenth Groups except silicon, tin, zinc and carbon, and 
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(3) at least one of said solid pliaso A and said soild phase B is atnorphious. 
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